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0 Fluldized bed heat exchanger and method of operating same. 



0 A fluldized bed reactor (10) and a method of 
controlling same in which a first chamber (D) and 
plurality of additional chambers (A,B,G) are formed 
in a housing. A particufate fuel material is supported 
In all of the additional chambers (A.B.C) and air is 
introduced to each of the additional chambers 
(A.B.C) to fluidize the material. Particulate material is 
introduced into one of the chambers (A) and the 
^chambers (A,B.C) communicate to permit the ma- 
^terial to flow between the chambers (A.B.C). Heat Is 
e>ctracted from one of the other additional chambers 
^(B) and the material upon exceeding a predeter- 
Onfiined height flows from the other additional cham- 
yijbers {A3iC) to the first chamber (D) before dis- 
charging via the first chamber (D) externally of the 
CO housing. 
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FLUIDIZED BED HEAT EXCHANGER AND METHOD OF OPERATING SAME 



This invention relates to a fluidlzed bed heat 
exchanger and a method of operating same in 
which heat is transferred from hot particulate ma- 
terial which flows through a plurality of chambers. 

Various types of reactors, or heat exchangers, 
such as steam generators, or the lil<e, utilize a 
fluidized bed as the primary medium of heat trans- 
fer. In these arrangements, air is passed through a 
bed of particulate material to fluidize the bed. 

The most typical fluidized bed system is com- 
monly referred to as a "bubbling" fluidized bed in 
which a bed of particulate materials is supported 
by an air distribution plate, to which air is intro- 
duced through a attractive combination of high heat 
release, high sulfur absorption, low nitrogen oxides 
emissions and fuel flexibility. 

The most typical fluidized bed combustion sys- 
tem is commonly referred to as a "bubbling" 
fluidized bed in which a bed of particulate materials 
is supported by an air distribution plate, to which 
combustion-supporting air is introduced through a 
plurality of perforations in the plate, causing the 
material to expand and to talce on a suspended, or 
fluidized. state. The gas velocity is typically two to 
three times that needed to develop a pressure drop 
which will support the bed weight (e.g., minimum 
fluidization velocity), causing the formation of bub- 
bles that rise up through the bed and give it the 
appearance of a boiling liquid. The bed exhibits a 
well-defined upper surface, and the entralnment of 
particles in the gas leaving the bed is quite low. 
such that collection and recycle of these particles 
is not always necessary. The heat and mass trans- 
fer properties of the two-phase mixture are high, 
being typical of a liquid. 

In these type arrangements, heat exchange 
surfaces are often immersed In the bed of fluidized 
particulate material to remove heat from the ma- 
terial and utilize the heat for other purposes. When 
such an immersed heat exchanger is used, it is 
often desirable to be able to control the rate at 
which the heat is extracted. This is usually done by 
varying the fluidized bed height and therefore the 
quantity of surface that is immersed. 

However, situations exist in which a sufficient 
degree of freedom in choosing bed height is not 
available, such as for example, when a minimum 
fluidized bed solids pressure is required for rea- 
sons unrelated to heat transfer, in this case, the 
heat transfer may be controlled by diverting a 
portion of the particulate material which is then 
cooled so it does not contact the heat exchanger. 
When the correct portions of cooled and uncooled 
material are subsequently recomblned. the desired 
final material temperature may be obtained. For 



example, different type valves, such as "plug 
valves" and "L valves," have been used to bleed a 
portion of the solids passing through the bed 
and/or to directly control the flow rates from both a 

5 heat exchanger bed and a material-pressure control 
bed. However, these type anrangements often ad- 
versely affect the functional integrity of other sys- 
tem aspects, such as, for example, the attainment 
of a required minimum fluidized bed material pres- 

10 sure. 

It is therefore an object of the present invention 
to provide a fluidized bed reactor and method of 
operating same in which the amount of heat ex- 
tracted from the fluidized bed is controlled without 
75 having to vary the heighth of the fluidized bed. 

it is a further object of the present invention to 
provide a reactor and method of the above type in 
which the heat extraction rate is controlled by di- 
verting a portion of the materials from the heat 
20 exchanger without the problems normally associ- 
ated therewith. 

It is a still further object of the present inven- 
tion to provide a heat exchanger and method of the 
above type in which the rate of heat extracted from 
25 the fluidized bed is controlled by bypassing a por- 
tion of the particulate material away from the heat 
exchanger and subsequently recombining it with 
the portion in contact with the heat exchanger, 
it is a still further object of the present inven- 
30 tion to provide a reactor and method of the above 
type in which a plurality of separate fluidized beds 
are provided within the reactor vessel, one of which 
is provided with a heat exchange surface and the 
others of which are used to control the quantity of 
35 tiie particulate material exposed to the heat ex- 
change surface. 

Toward the fulfillment of these and other ob- 
jects, a first chamber and plurality of additional 
chambers are provided in a reactor housing and 
40 particulate material is introduced to one of the 
additional chambers and permitted to flow to the 
other additional chambers. A heat exchange sur- 
face is provided in one of the additional chambers 
for extracting heat from the fluidized bed therein, 
45 and the material in the additional chambers are 
permitted to flow into the first chamber when the 
level in the additional chambers exceeds a pre- 
determined height. Material entering the first cham- 
ber is discharged from the housing to external 
50 equipment. 

The above brief description, as well as further 
objects, features and advantages of the present 
invention will be more fully appreciated by refer- 
ence to the following detailed description of the 
presently preferred but nonetheless illustrative em- 
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bodiments in accordance^P the present Invention 
when taken in conjunction with the accompanying 
drawings wherein: 

Rg. 1 is a sectional view of the fiuidized bed 
reactor of the present invention; 

Fig. 2 is a cross-sectional view taken along 
the line 2-2 of Rg. 1; 

Rg. 3 is a top plan view of the reactor of Rg. 
1,; and 

Rg. 4 is an enlarged, partial, perspective 
view depicting the partitions utilized in the reactor 
of Rg. 1. 

Referring to Rgs. 1-3 of the drawings, the 
reference numeral 10 refers in general to the reac- 
tor of the present invention which includes a ves- 
sel, or housing, formed by a front wall 12, a rear 
wall 14, and two side walls 18 and 18 (Rg. 2). An 
outlet opening 20 Is provided in the upper portion 
of the wall 14 for permitting gases to pass from the 
reactor, as will be explained. 

A pair of spaced, parallel partitions 22 and 24 
extend between the side walls 18 and 18. and a 
partition 26 (Figs. 2 and 3) extends between the 
partitions 22 and 24 to divide the housing into four 
chambers. A, B. C, and D. Chamber D extends 
immediately behind chamber A, and chambers B 
and C extend to tiie sides of chambers A and B as 
better shown in Rg. 3. 

A perforated grate 30 extends horizontally in 
the lower portion of the housing between tiie walls 
12 to 14 and from the sidewall 16 to tiie partition 
26. 

An air conduit 31 is disposed below the lower 
end of the housing and communicates with three 
ducts 32a, 32b and 32c which distribute air into 
three plenums 34a, 34b and 34c disposed imme- 
diately below tiie grate below ttie chambers A, B 
and C. respectively. 

Control valves 38a. 36b and 36c are disposed 
in ttie conduits 32a, 32b and 32c, respectively, to 
control ttie flow of air from tiie conduit 30 into tiie 
air plenums 34a, 34b and 34c and therefore into 
the chambers A. B, and C, respectively. 

A particulate fuel Inlet pipe 40 extends from an 
external source (not shown) into and through cham- 
ber A, with its outiet end portion extending just 
above tiie grate 30. Particulate material, preferably 
in tiie forni of discrete particles of fuel material, 
such as bituminous coal can thus be continuously 
fed into chamber A via the conduit 40. It is under- 
stood that a sulphur adsorbent, such as limestone, 
can be introduced to tiie chamber A in a similar 
manner via the conduit 40 or, altemately, via an- 
other feeder (not shown) with tiie adsorbent ma- 
terial functioning to absorb the sulphur generated 
by tiie burning coal, in a conventional manner. 

As better shown in Rg. 4. the lower portions of 



tiiose portiot^p tiie partitions 22 and 24 defining 
ttie chamber^iave openings, or notches 42a and 
42b, respectively, formed therethrough to permit 
ttie particulate fuel material to flow from ttie cham- 

5 ber A into ttie chambers B and C. 

A pair, of weir-type openings 44a and 44b are 
provided in those portions of the partitions 22 and 
24 which define ttie chamber 0 to permit ttie 
particulate material in ttie chambers B and C to 

to overflow into the chamber 0 In the event ttie buil- 
dup of particulate materials in chambers B and C 
exceeds a predetermined height. A hopper portion 
48 is provided in the lower portion of tiie chamber 
D which communicates witti an outiet conduit 48 

rs for pemiitting the particulate fuel material in ttie 
chamber D to exit from the reactor. 

A heat exchanger, shown in general by the 
reference numeral 50, is disposed in ttie chamber 
B and consists of one or more tube bundles, one 

20 tube of which is shown by the reference numeral 
50. The tube 50 has an inlet 50a connected to a 
source of cooling fluid, such as water, and an outiet 
50b for passing ttie water to external equipment 
after ttie water has passed ttirough ttie chamber B 

25 and tiius extracted heat from tiie fiuidized bed in 
tiie latter chamber. 

In operation, particulate fuel material is intro- 
duced Into the chamber A via tiie inlet conduit 40, 
it being understood tiiat adsorbent material can 

30 also be Introduced into the chamber in a similar 
manner. The air dampers 36a, 36b and 36c are 
opened as desired to permit fluidizing air to pass 
upwardly tiirough the air plenums 34a, 34b and 34c 
and tiirough the perforated grate 30 and into tiie 

35 chambers A, B and C. respectively. The air tiius 
fluidizes the particulate material in ttie chambers A, 
B & C. witii tiie velocity of ttie air and ttierefore ttie 
degree of fluidizaticn and ttie resultant height of ttie 
material in ttie chambers being coritrolled as need- 

40 ed by varying ttie position of the dampers 38a, 36b 
and 36c. The particulate material accumulating in 
.tiie chamber A passes tiirough the openings 42a 
and 42b in ttie partitions 22 and 24 respectively, 
and into the chambers B and C. respectively. 

45 A light-off burner or tiie like (not shown) is 

disposed In the chamber B and is fired to ignite the 
particulate material in tiie latter chamber with tiie 
air introduced in the chamber promoting the com- 
bustion. The air, plus tiie gaseous products of 

50 combustion, pass to the upper portion of ttie cham- 
ber B where tiiey exit through ttie outiet 20. The 
fuel material builds up in chambers A. B and C 
and. if ttie height of the material exceeds tiie height 
of ttie weir openings 44a and 44b, ttie material will 

55 overflow into tiie chamber D and exit via ttie outlet 
48. 

The velocity of tiie air entering tiie chamber A 
Is controlled by ttie damper 36a to fiuldize tiie 
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particulate material In the bed at a value that is 
considered to be optimum for providing a pressure 
seal for the conduit 40. The air velocity entering 
the beds in the chambers B and CIs controlled by 
the dampers 36b and 36c according to heat trans- 
fer control requirements. Since the fluidizing ve- 
locity in the chambers B and C will usually be 
different from that in Chamber A, the material in 
the chambers B and C wilt have different densities. 
Since the particulate material communicates be- 
tween the chambers A and B and between the 
chambers A and C through the openings 42a and 
42b, the beds will operate at different heights. The 
exit weirs 44a and 44b will therefore discharge 
quantities of material from the chambers B and C. 
respectively, into the chamber D that depend upon 
the expanded bed heights attained in chambers B 
and C. In this manner, the fraction of the total 
material flow that passes through the chambers B 
and C is controlled by varying the fluidlzed veloci- 
ties in the latter beds. 

It is thus seen that several advantages result 
from the foregoing. For example, the heat extrac- 
tion rate from the fluidlzed bed In the chamber B Is 
controlled by varying the air velocity in the cham- 
bers B and C. Also, the reactor of the present 
invention can be easily started up providing an 
uncooled flow path for the particulate fuel material 
during startup. Also, the solids exit from the reactor 
of the present invention via the conduit 48 while 
avoiding backflow or backsplashing. Further, a suf- 
ficient height of particulate fuel material In the 
chamber A is assured to provide a pressure seal 
for the inlet conduit 40. Also, since there will be a 
pressure loss associated with the flow of the par- 
ticulate material through the openings 42a and 42b, 
the backpressure of the bed in the chamber A will 
be greater than that in chambers B and C to further 
assure the integrity of the pressure seal provided 
by the fluidlzed bed in chamber A. 

A latitude of modification, change and substitu- 
tion is intended in the foregoing disclosure and in 
some instances some features of the invention will 
be employed without a con'esponding use of other 
features. Accordingly, it is appropriate that the ap- 
pended claims be construed broadly and in a man- 
ner consistent with the scope of the invention. 



Claims 

1. A fluidlzed bed reactor comprising a hous- 
ing, partition means formed in said housing to 
divide said housing into a first chamber and a 
plurality of additional chambers, grate means dis- 
posed in all of said additional chambers for sup- 
porting a particulate fuel material, means for in- 
troducing air to each of said additional chambers to 
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fluldize the particle material in each chamber, 
means for Introducing particulate fuel material Into 
one of said additional chambers, means for permit- 
ting the material from said one additional chamber 

5 to flow to said other additional chambers, heat 
exchange means disposed in one of said other 
additional chambers, means for permitting said ma- 
terial to flow from said other additional chambers to 
said first chamber, and outlet means extending 

70 from said first chamber to permit the discharge of 
material from said housing. 

2. The reactor of claim 1 wherein said means 
for permitting the material to flow from said one 
additional chamber to said other additional cham- 

75 bars comprises openings formed in the lower por- 
tions of a portion of said partition means. 

3. The reactor of claim 1 wherein said means 
for permitting the material to flow from said other 
additional chambers to said first chamber com- 

20 prises weirs formed in the upper portions of a 
portion of said partition means so that said material 
flow from said other additional chambers to said 
first chamber is in response to the height of said 
material in said other additional chambers exceed- 

25 ing a predetemnined value. 

4. The reactor of claim 1 wherein said partition 
means are constructed and an^anged so that said 
first chamber extends behind said one additional 
chamber and shares a common partition means 

30 therewith, and so that said other additional cham- 
ber extends to the respective sides of said first 
chamber and said one additional chamber and 
share common partition means therewith. 

5. A method of operating a fluidlzed bed reac- 
ts tor comprising tine steps of dividing a housing into 

a first chamber and a plurality of additional cham- 
bers, introducing particulate fuel material into one 
of said additional chambers, communicating said 
one additional chamber with the other additional 

40 chambers to permit said material to flow from said 
one additional chamber to said other additional 
chambers, introducing air into said additional 
chambers to fiuidize the material in said additional 
chambers, combusting the hael material in one of 

45 tiie other additional chambers to generate heat in 
said one other additional chamber, extracting said 
heat from said one oUier additional chamber, com- 
municating said otiier additional chambers with 
said first chamber to permit said material to flow 

50 from said other additional chambers to said first 
chamber, and discharging said material from said 
housing via said first chamber. 

8. The method of claim 5 wherein said material 
flows from said other chambers to said first cham- 

55 ber in response to the height of said material in 
said otiier chambers exceeding a predetermined 
value. 
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